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HYDROPHOBIC BIOLOGICALLY ABSORBABLE COATINGS FOR DRUG DELIVERY 
DEVICES AND METHODS FOR FABRICATING THE SAME 

5 STEPHEN D. PACETTI 

SYED FA. HOSSAINY 

BACKGROUND OF THE INVENTION 

10 Field of the Invention 

This invention is directed to coatings for implantable medical devices, such as drug 
eluting vascular stents. 

Description of the State of the Art 

1 5 Percutaneous transluminal coronary angioplasty (PTC A) is a procedure for treating heart 

disease. A catheter assembly having a balloon portion is introduced percutaneously into the 
cardiovascular system of a patient via the brachial or femoral artery. The catheter assembly is 
advanced through the coronary vasculature until the balloon portion is positioned across the 
occlusive lesion. Once in position across the lesion, the balloon is inflated to a predetermined 

20 size to radially compress against the atherosclerotic plaque of the lesion to remodel the lumen 
wall. The balloon is then deflated to a smaller profile to allow the catheter to be withdrawn from 
the patient's vasculature. 
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A problem associated with the above procedure includes formation of intimal flaps or 
torn arterial linings which can collapse and occlude the conduit after the balloon is deflated. 
Moreover, thrombosis and restenosis of the artery may develop over several months after the 
procedure, which may require another angioplasty procedure or a surgical by-pass operation. To 
5 reduce the partial or total occlusion of the artery by the collapse of arterial lining and to reduce 
the chance of the development of thrombosis and restenosis, a stent is implanted in the lumen to 
maintain vascular patency. 

Stents are used not only as a mechanical intervention but also as a vehicle for providing 
pharmacological therapy. As a mechanical intervention, stents act as scaffoldings, functioning to 

10 physically hold open and, if desired, to expand the wall of the passageway. Typically, stents are 
capable of being compressed, so that they can be inserted through small vessels via catheters, 
and then expanded to a larger diameter once they are at the desired location. Examples in patent 
literature disclosing stents which have been applied in PTCA procedures include stents 
illustrated in U.S. Patent No. 4,733,665 issued to Palmaz, U.S. Patent No. 4,800,882 issued to 

15 Gianturco, and U.S. Patent No. 4,886,062 issued to Wiktor. 

Pharmacological therapy can be achieved by medicating the stents. Medicated stents 
provide for the local administration of a therapeutic substance at the diseased site. In order to 
provide an efficacious concentration to the treated site, systemic administration of such 
medication often produces adverse or toxic side effects for the patient. Local delivery is a 

20 preferred method of treatment in that smaller total levels of medication are administered in 
comparison to systemic dosages, but are concentrated at a specific site. Local delivery thus 
produces fewer side effects and achieves more favorable results. One proposed method for 
medicating stents involves the use of a polymeric carrier coated onto the surface of a stent. A 
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solution which includes a solvent, a polymer dissolved in the solvent, and a therapeutic substance 
dispersed in the blend is applied to the stent. The solvent is allowed to evaporate, leaving on the 
stent surface a coating of the polymer and the therapeutic substance impregnated in the polymer. 
Once the stent has been implanted at the treatment site, the therapeutic substance has a sustained 
release profile from the polymer. 

Local administration of therapeutic agents via stents has shown some favorable results in 
reducing restenosis. However, the biological compatibility of stent coatings can be improved. 
One of the properties characterizing biocompatibility of stent coatings where the improvement is 
desirable, is the ability of the human body to absorb the coating. 

Accordingly, there is a need to have stent coatings with improved biological 
compatibility. The embodiments of the present invention provide for polymers and combination 
of polymers for coating stents and other implantable medical devices, where the polymers 
forming the coatings are biologically compatible and absorbable. 

SUMMARY 

A medical article, comprising an implantable substrate having a coating deposited on the 
substrate is provided, the coating comprises a polymer, the polymer being a product of co- 
polycondensation of a diketene acetal and a diol. Diketene acetal can be selected a compound 
having formula (I) or (II): 

0-H 2 C CH2-O 
/ \/ \ 
R-CH=C C C=CH-Ri 

\ /\ / 
0-H 2 C CH 2 -0 

(I) 



SanFrancisco/90569.1 



3 



50623.267 



0-CH 2 



CH 2 -O t 



^C=CH-R 3 



R,— CH=C 



0-CH-R 2 -CH— O 



(II) 



wherein R, Ri, R3 and are, independently, unsusbstituted or substituted straight-chained, 
branched, or cyclic alkyl radicals Ci-Cg, or unsusbstituted or substituted aryl radicals; and R 2 is a 
5 straight chain or branched Ci to Ci6 alkyl group or a straight chain or branched Ci to Ci6 alkyl 
group containing an ether group. Examples of diketene acetals that can be used of include 3,9- 
diethylidene-2,4,8,10-tetraoxaspiro-[5,5]-undecane, 3,9-dipentylidene-2,4,8,10-tetraoxaspiro- 
[5,5]-heptadecane, 3,9-dibutylidene-2,4,8, 1 0-tetraoxaspiro-[5,5]-pentadecane, 3,9-dipropylidene- 
2,4,8, 10-tetraoxaspiro-[5,5]-tridecane, and mixtures thereof. The coating of can additionally 
10 include a second polymer that is a product of co-polycondensation of the diketene acetal, the diol, 
and a hydroxylated functional compound. 

A medical device is provided, the medical article includes a coating comprising a 
polymer including a unit having a formula: 



wherein R and R\ are, independently, unsusbstituted or substituted straight-chained, branched, or 
15 cyclic alkyl radicals Cj-Cg, or unsusbstituted or substituted aryl radicals; R3 is an aliphatic, 

cycloaliphatic, aromatic, or organosilicon group; and "w" and "z" are integers, where the value 
of "w" is between 1 and 40, the value of "z" is between 9 and 700. The coating can further 
comprise a polymer having a formula 



HO [R3-0L />-CH 2n ,CH 2 -O x O H 

J w^C C C 



CH 2 0-CH 2 CH 2 -0 CH 2 
I \ 
R R, 



SanFrancisco/90569. 1 



4 



50623.267 



HO- 



£r 2 -0L 0"CH 2 CH 2 -0 O- 

Ch/ \)-CH/ N CH 2 — O' V CH 2 
I I 
R Ri J 



n 



■{R 3 -0]^^0-CH 2 CH 2 -Q O- 



'p — c c c 

ch/ s o-ch/ n ch 2 — o' n ch 2 

R R, 



-H 



wherein R2-O is a non-fouling moiety derived from a hydroxylated functional compound; R3 is 
an aliphatic or cycloaliphatic group; "m," "n," "p," and "q" are all integers, where the value of 
"m" is between 5 and 500, the value of "n" is between 2 and 350, the value of "p" is between 1 
and 20, and the value of "q" is between 10 and 550. 

A method for fabricating a coating for an implantable medical device is provided, the 
method comprises applying a polymer onto the surface of the device, wherein the polymer 
comprises a product of co-polycondensation of a diketene acetal and a diol. 



10 DETAILED DESCRIPTION 

A coating for an implantable medical device, such as a stent, according to one 
embodiment of the present invention, can include an optional primer layer, a drug-polymer layer 
(also referred to as "reservoir" or "reservoir layer") or alternatively a polymer-free drug layer, an 
optional topcoat layer and an optional finishing coat layer. The drug-polymer layer serves as a 

1 5 reservoir for the drug. The reservoir layer or the polymer free drug layer can be applied directly 
onto the stent surface. The optional primer layer can be applied on the stent surface to improve 
the adhesion of the drug-polymer layer or the polymer free drug layer to the stent. The optional 
topcoat layer, which can be essentially free from any drugs, serves as a rate limiting membrane, 
which helps to control the rate of release of the drug. The optional finishing coat layer can be the 

20 outermost layer of the coating to provide the outermost surface of the coating with 

biocompatible, non-thrombogenic, hemocompatible, and/or non-fouling properties. A surface 
that does not adsorb proteins, or that adsorbs only a minimal amount of proteins, is herein 
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referred to as "non-fouling" surface, and compounds or moieties making the surface non-fouling 
are is herein referred to as "non-fouling" compounds or moieties. 

According to the present invention, polyorthoesters are polymers that can be used to 
make the stent coatings. The suitable polyorthoesters can be separated in two categories 
5 described below and summarized in Table 1 . 



Table 1. Polyorthoesters 



Category 


Layer(s) of the Stent Coating 


Monomeric Building Blocks 


I 


1. primer layer 


1 . diketene acetal 




2. reservoir layer 


2. diol 




3. topcoat layer 




II 


1 . primer layer 

2. reservoir layer 

3. topcoat layer 

4. finishing coat layer 


1 . diketene acetal 

2. diol 

3. hydroxylated functional compound 



The Category I of polyorthoesters can be used for making any or all of the optional 
primer layer, the reservoir layer, and/or the optional topcoat layer. To obtain polyorthoesters of 
10 the Category I, at least one first monomeric building block comprising a diketene acetal is 
reacted with at least one second monomeric building block comprising a diol. The diol block 
can provide the polyorthoester with biocompatible, hemocompatible, non-thrombogenic, and/or 
non-fouling properties. 

The Category II of polyorthoesters can be used for making any or all of the optional 
1 5 primer layer, the reservoir layer, the optional topcoat layer, and/or the optional finishing coat 
layer. To obtain polyorthoesters of the Category II, at least one first monomeric building block 
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comprising a diketene acetal is reacted with at least one second monomelic building block 
comprising a diol, and at least one third monomeric building block comprising a hydroxylated 
functional compound. At least one of the diol and the hydroxylated functional compound can 
provide the polyorthoester with biocompatible, hemocompatible, non-thrombogenic, and/or non- 
5 fouling properties. 

Representative examples of some monomers comprising the first, the second and the 
third monomeric blocks can be described as follows. 



I. Diketene acetals 

10 Diketene acetals are monomeric building blocks that include two reactive centers capable 

of reacting with two hydroxy functional molecules, and therefore, can serve as linking agents. 
One family of diketene acetals that can be used include the compounds having a general formula 

(I): 

0-H 2 C CH2-O 

15 / \/ \ 

R-CH=C C C=CH-Ri (I) 

\ /\ / 
0-H 2 C CH 2 -0 

20 where R and R\ are, independently, unsusbstituted or substituted straight-chained, branched, or 
cyclic alkyl radicals Ci-Cg, or unsusbstituted or substituted aryl radicals. 

Other diketene acetals that can be used correspond to compounds having formula (II): 



0-CH 2 CH 2 -O v 
R,-CH=CT I I "C=CH-R 3 

O-CH-R2-CH— O 

25 (II) 
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In diketene acetals described by formula (II), R\ and R3 is each, independently, 
unsusbstituted or substituted straight-chained, branched, or cyclic alkyl radicals Ci-Cg, or 
unsusbstituted or substituted aryl radicals; R2 is a straight chain or branched €1 to Ci6 alkyl group, 
which can also contain ether groups. 

Examples of particular diketene acetals that can be used include 3,9-diethylidene- 
2,4,8, 1 0-tetraoxaspiro-[5,5]-undecane (DETOSU), 3,9-dipentylidene-2,4,8, 1 0-tetraoxaspiro- 
[5,5]-heptadecane (DPTOSH), 3,9-dibutylidene-2,4,8,10-tetraoxaspiro-[5,5]-pentadecane, 3,9- 
dipropylidene-2,4,8,10-tetraoxaspiro-[5,5]-tridecane, all described by formula (I) and mixtures 
thereof. 

Formula (I) describes the molecule of DETOSU where both R and R\ are methyl groups. 

Accordingly, DETOSU has the formula (III): 

0~ H 2 C CH2-O 
/ \ / \ 
CH 3 -CH=C C OCH-CH3 (III) 

\ /\ / 
0-H 2 C CH2-O 

For DPTOSH, both R and Rj are w-butyl groups. 
II. Diols 

Diol monomeric building blocks include short-to-moderate length aliphatic, 
cycloaliphatic, aromatic, or organosilicon diols or blends or combinations thereof. The diols can 
react with the diketene acetal to form hard segments of the polyorthoesters. The hard segments 
can either have some crystallinity, or have a T g above body temperature, e.g., in case of a human 
body, above about 37°C. The hard segments can serve as quasi cross-linking agents both 
strengthening the final polyorthoester and enabling the polyorthoester to behave as an elastomer. 
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Some example of diols that can be utilized include 1 ,4-butanediol, 1,6-hexanediol, trans- 
cyclohexanedimethanol, c/s-cyclohexanedimethanol, and mixtures thereof. Examples of suitable 
mixtures include mixtures of either trans- or c/s-cyclohexanedimethanol with 1 ,6-hexanediol. 
The mass ratio between 1,6-hexanediol and one of the cyclohexanedimethanols can be between 
5 about 10:90 and about 90:10, for example, about 65:35. 

Examples of other aliphatic diols that can be used include C2 through Cj 6 a,(D-alkylene 
glycols, for example, ethylene glycol (C2), 1 ,2-propylene glycol (C3), 1,5-pentanediol (C5), 1,7- 
heptanediol (C 7 ), 1,8-octanediol (C 8 ), 1 ,9-nonanediol (C 9 ), 1,10-decanediol (Cjo), 1,1 1- 
undecanediol (Cn), 1,12-dodecanediol (Ci 2 ), 1,13-tridecanediol (C13), 1,14-tetradecanediol (C14), 

10 1,1 5-pentadecanediol (C 1 5), 1 , 1 6-hexadecanediol (C 15), or mixtures thereof. Other examples 
include alkylene glycols other than C2 through Ci6 a,co-alkylene glycols, for example, 1,3- 
propylene glycol, butane- 1, 3 -diol, pentane-2,4-diol, hexane-2,5-diol, or mixtures thereof. Yet 
other examples of aliphatic diols that can be used include poly- or oligoalkylene glycols such as 
diethylene glycol, Methylene glycol, tetraethylene glycol, poly(tetraethylene glycol), 

1 5 poly(pentaethylene glycol), poly(hexamethylene glycol), and mixtures thereof. 

Examples of other cycloaliphatic diols that can be used include 1,2-cyclobutanediol, 
1,3-cyclobutanediol, 1 ,2-cyclopentanediol, 1,3-cyclopentanediol, 1,2-cyclohexanediol, 1,3- 
cyclohexanediol, 1 ,4-cyclohexanediol, 1,2-cycloheptanediol, 1,3-cycloheptanediol, 1,4- 
cycloheptanediol, poly(caprolactone diol), and mixtures thereof. 

20 Examples of suitable aromatic diols include /?-(!, 4), o-(l 5 2), or w-(l,3) 

benzenedimethanol, or mixtures thereof. 1 ,4- benzenedimethanol is also known as /?-phenylene 
dicarbinol or-^-xylene-a,^ diol. 1,2- benzenedimethanol is also known as 1,2- 
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6zs(hydroxymethyl)benzene or phthalyl alcohol. One example of a suitable organosilicon diol 
includes a carbinol-terminated poly(dimethyl siloxane). 

Diol monomeric building blocks can be described by a general formula (IV): 

HO-R3-OH (IV) 
5 where R3 represents an aliphatic, cycloaliphatic, aromatic, or organosilicon group. For example, 

when compound (IV) is an alkylene glycol, R3 is the poly- or oligomethylene structure (CH2) y , where 
"y" is an integer, having a value between 2 and 16. To illustrate, when compound (IV) is ethylene 
glycol, y = 2. In case of propylene glycol, y = 3, 

10 III. Hydroxylated functional compounds 

Hydroxylated functional compounds can be used for forming the optional finishing coat 
layer providing the outermost surface of the stent coating with non-fouling characteristics. 

The hydroxylated functional compounds can react with the diketene acetal to form soft 
segments of polyorthoesters. The soft segments can have a glass transition temperature (T g ) below 

15 the body temperature, e.g., in case of humans, below about 37°C. The hydroxyl group can be located 
in a terminal or non-terminal position of the molecule. Examples of suitable hydroxylated functional 
compounds include poly(alkylene glycols), for example, poly(ethylene glycol) (PEG), poly(propylene 
glycol) (PPG) or poly(tetramethylene glycol), PLURONIC surfactants, hydroxylated polyvinyl 
pyrrolidone), dextran, dextrin, hyaluronic acid and its derivatives such as sodium hyaluronate, and 

20 poly(2-hydroxyethyl methacrylate), hydroxy functional poly(styrene sulfonate), hydroxy functional 
phosphoryl choline methacrylate polymers, polymers with both hydroxyl and phosphoryl choline 
functionality, heparin, or mixtures thereof. PLURONIC is a trade name of poly(ethylene oxide-co- 
propylene oxide) and is available from BASF Corp. of Parsippany, New Jersey. A molecular weight 
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of a suitable hydroxylated functional compound can be such so as to allow passage of the released 
molecule through the kidneys, for example, below 40,000 Daltons, such as between about 300 and 
20,000 Daltons. 

Suitable hydroxylated functional compounds can be described by a general formula (V): 



where "m" is an integer, and -R 2 -0- represents the moiety of compound (IV) providing non-fouling 
characteristics. For example, when compound (VI) is a poly(alkylene glycol), R3 is the 
polymethylene structure (CH2) X) where "x" is an integer. To illustrate, when compound (IV) is PEG, 
x = 2. 



all of the optional primer layer, the reservoir layer, and/or the optional topcoat layer, a diketene acetal, 
or a blend of more than one diketene acetal, can be reacted with a diol, or a blend of more than one 
diol. This reaction can be carried out at a temperature between ambient and about 80°C, for example, 
between about 40°C and about 70°C, in the presence of an acid catalyst such as p-toluenesulfonic acid. 
15 As a result, a polyorthoester having a general formula (VI) can be obtained 



HO[-R 2 -0-] m H, 



(V) 



To prepare polyorthoesters of Category I described above, to be used for fabricating any or 




(VI) 



where R, Ri, and R3 are as described above; "w" and "z" are integers, where the value of "w" is 



between 1 and 40, and the value of "z" is between 9 and 700. 
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To prepare polyorthoesters of Category II described above, to be used for fabricating of 
the optional finishing coat layer, a two-step synthetic process can be used. The first step includes 
reacting the whole amount of a diketene acetal, or a mixture of more than one diketene acetals, 
with a hydroxylated functional compound or a mixture of more than one hydroxylated functional 
5 compounds. The reaction ("reaction 1") can be conducted in anhydrous environment and the 
temperature can be between ambient temperature and about 80°C, for example, about 70°C. 
Reaction 1 can be catalyzed by a strong base or acid such as /?-toluenesulfonic acid. The second 
step includes adding a diol or a mixture of more than one diol to the product of reaction 1, and 
the temperature at which the second step can conducted can be also between ambient 
10 temperature and about 80°C, for example, about 70°C. As a result of the two-step process 

described above, a polyorthoester can be obtained, the polyorthoester having a general formula 
(VII): 



HO- 



&-°W°- CH V CH! - 0 v 0 - 

Ch/ N 0-CH 2 / S CH 2 — O' S CH 2 

R Rl -In - 



Ch/ N 0-CH/ N CH 2 — 0 / N CH 2 
R R, 



■H 



15 



(VII) 



where R, Ri, R 2 , and R 3 are as described above; "m," "n," "p " and "q" are all integers, where the 
value of "m" is between 5 and 500, the value of "n" is between 2 and 350, the value of "p" is 
between 1 and 20, and the value of "q" is between 10 and 550. The polyorthoester described by 
formula (VI) can have molecular weight within a range of between about 20,000 and about 
20 200,000 Daltons. 

Polyorthoesters of this invention can be used for making stent coatings. The coating can 
be applied onto the stent by a commonly used method known to one of ordinary skill in the art, 
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for instance, by spraying, dipping or molding. The polyorthoesters can be used alone or in 
combination with other suitable polymers. Poly(ethylene-co-vinyl alcohol) (EVAL) is one 
example of a polymer than can be employed for combining with polyorthoesters. EVAL is a 
product of hydrolysis of ethylene-vinyl acetate copolymers and may also be a terpolymer 
5 including up to 5 molar % of units derived from styrene, propylene and other suitable 

unsaturated monomers. EVAL is available from Sigma-Aldrich Co. of Milwaukee, Wisconsin . 

Representative examples of other polymers that can be combined with polyorthoesters 
include poly(hydroxyvalerate), poly(L-lactic acid), polycaprolactone, poly(lactide-co-glycolide), 
poly(hydroxybutyrate), poly(hydroxybutyrate-co-valerate), polydioxanone, polyorthoester, 

10 polyanhydride, poly(glycolic acid), poly(D,L-lactic acid), poly(L-lactide), poly(D,L-lactide), 
poly(glycolide), poly(glycolic acid-co-trimethylene carbonate), polyphosphoester, 
polyphosphoester urethane; poly(amino acids), cyanoacrylates, poly(trimethylene carbonate), 
poly(iminocarbonate), co-poly(ether-esters) (e.g. PEO/PLA), poly(ester-amides), polyalkylene 
oxalates, polyphosphazenes, biomolecules (such as fibrin, fibrinogen, cellulose, starch, collagen 

15 and hyaluronic acid), polyurethanes, silicones, polyesters, polyolefins, polyisobutylene and 

ethylene-alphaolefin copolymers, acrylic polymers and copolymers, vinyl halide polymers and 
copolymers (such as polyvinyl chloride), poly(vinylidene fluoride-co-hexafluoropropene), 
polyvinyl ethers (such as polyvinyl methyl ether), polyvinylidene halides (such as polyvinylidene 
fluoride and polyvinylidene chloride), polyacrylonitrile, polyvinyl ketones, polyvinyl aromatics 

20 (such as polystyrene), polyvinyl esters (such as polyvinyl acetate), copolymers of vinyl 

monomers with each other and olefins (such as ethylene-methyl methacrylate copolymers, 
acrylonitrile-styrene copolymers, ABS resins, and ethylene-vinyl acetate copolymers), 
polyamides (such as Nylon 66 and polycaprolactam), alkyd resins, other polycarbonates, 
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polyoxymethylenes, polyimides, polyethers, epoxy resins, other polyurethanes, rayon, rayon- 
triacetate, cellulose, cellulose acetate, cellulose butyrate, cellulose acetate butyrate, cellophane, 
cellulose nitrate, cellulose propionate, cellulose ethers, soluble fluorinated polymers and 
carboxymethyl cellulose. 

5 The stent, or other implantable medical device can be used in any part of the vascular 

system, including neurological, carotid, coronary, renal, aortic, iliac, femoral or any other part of the 
peripheral vasculature. The are no limitations on the size of the stent, its length, diameter, strut 
thickness or pattern. Examples of such implantable devices include self-expandable stents, balloon- 
expandable stents, stent-grafts, grafts (e.g., aortic grafts). The coating can also be used with artificial 

10 heart valves, cerebrospinal fluid shunts, coronary shunts, pacemaker electrodes, and endocardial leads 
(e.g., FINELINE and ENDOTAK, available from Guidant Corporation). The underlying structure of 
the device can be of virtually any design. The device can be made of a metallic material or an alloy 
such as, but not limited to, cobalt chromium alloy (ELGILOY), cobalt chromium alloy L-605, 
stainless steel (316L),"MP35N," "MP20N," ELASTINITE (Nitinol), tantalum, nickel-titanium alloy, 

15 platinum-iridium alloy, gold, magnesium, or combinations thereof. "L-605" alloy consists of 50% 
cobalt, 20% chromium, 15% tungsten, 10% nickel, 3% iron, and 1.5% manganese. "MP35N" and 
"MP20N" are trade names for alloys of cobalt, nickel, chromium and molybdenum available from 
standard Press Steel Co., Jenkintown, PA. "MP35N" consists of 35% cobalt, 35% nickel, 20% 
chromium, and 10% molybdenum. "MP20N" consists of 50% cobalt, 20% nickel, 20% chromium, 

20 and 10% molybdenum. Devices made from bioabsorbable or biostable polymers could also be used 
with the embodiments of the present invention. 

The drug can include any substance capable of exerting a therapeutic or prophylactic 
effect for a patient. The drug may include small molecule drugs, peptides, proteins, 
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oligonucleotides, and the like. The drug could be designed, for example, to inhibit the activity of 
vascular smooth muscle cells. It can be directed at inhibiting abnormal or inappropriate 
migration and/or proliferation of smooth muscle cells to inhibit restenosis. 

Examples of drugs include antiproliferative substances such as actinomycin D, or 
5 derivatives and analogs thereof (manufactured by Sigma- Aldrich, or COSMEGEN available 
from Merck). Synonyms of actinomycin D include dactinomycin, actinomycin IV, actinomycin 
Ii, actinomycin Xi, and actinomycin Ci. The active agent can also fall under the genus of 
antineoplastic, anti-inflammatory, antiplatelet, anticoagulant, antifibrin, antithrombin, 
antimitotic, antibiotic, antiallergic and antioxidant substances. Examples of such antineoplastics 

10 and/or antimitotics include paclitaxel (e.g. TAXOL® by Bristol-Myers Squibb Co., Stamford, 
Conn.), docetaxel (e.g. Taxotere®, from Aventis S.A., Frankfurt, Germany) methotrexate, 
azathioprine, vincristine, vinblastine, fluorouracil, doxorubicin hydrochloride (e.g. Adriamycin® 
from Pharmacia & Upjohn, Peapack N.J.), and mitomycin (e.g. Mutamycin® from Bristol-Myers 
Squibb Co., Stamford, Conn.). Examples of such antiplatelets, anticoagulants, antifibrin, and 

15 antithrombins include sodium heparin, low molecular weight heparins, heparinoids, hirudin, 
argatroban, forskolin, vapiprost, prostacyclin and prostacyclin analogues, dextran, D-phe-pro- 
arg-chloromethylketone (synthetic antithrombin), dipyridamole, glycoprotein Ilb/IIIa platelet 
membrane receptor antagonist antibody, recombinant hirudin, and thrombin inhibitors such as 
Angiomax ™ (Biogen, Inc., Cambridge, Mass.). Examples of such cytostatic or antiproliferative 

20 agents include angiopeptin, angiotensin converting enzyme inhibitors such as captopril (e.g. 
Capoten® and Capozide® from Bristol-Myers Squibb Co., Stamford, Conn.), cilazapril or 
lisinopril (e.g. Prinivil® and Prinzide® from Merck & Co., Inc., Whitehouse Station, NJ); 
calcium channel blockers (such as nifedipine), colchicine, fibroblast growth factor (FGF) 
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antagonists, fish oil (omega 3 -fatty acid), histamine antagonists, lovastatin (an inhibitor of HMG- 
CoA reductase, a cholesterol lowering drug, brand name Mevacor® from Merck & Co., Inc., 
Whitehouse Station, NJ), monoclonal antibodies (such as those specific for Platelet-Derived 
Growth Factor (PDGF) receptors), nitroprusside, phosphodiesterase inhibitors, prostaglandin 
5 inhibitors, suramin, serotonin blockers, steroids, thioprotease inhibitors, triazolopyrimidine (a 
PDGF antagonist), and nitric oxide. An example of an antiallergic agent is permirolast 
potassium. Other therapeutic substances or agents which may be appropriate include alpha- 
interferon, genetically engineered epithelial cells, tacrolimus, dexamethasone, and rapamycin 
and structural derivatives or functional analogs thereof, such as 40-O-(2-hydroxy)ethyl- 
10 rapamycin (known by the trade name of EVEROLIMUS available from Novartis), 40-0(3- 
hydroxy)propyl-rapamycin, 40-O-[2-(2-hydroxy)ethoxy]ethyl-rapamycin, and 40-O-tetrazole- 
rapamycin. 

The following examples demonstrate some embodiments of the present invention. 

15 Example 1- Synthesis of 3,9-diethvlidene-2,4,8J0-tetraoxaspriro-r5.51-undecane (DETOSID 

Diketene acetals can be prepared by several techniques. One method known in the art is 
the condensation of an appropriate polyhydroxy compound, such as pentaerythritol, with two 
equivalents of a 2 -halocarboxy aldehyde dialkyl acetal, followed by dehydrohalogentaion to yield 
the diketene acetal. This reaction is described by Corey et al., 1 Org. Chem., 38, 3224 (1973). 

20 Diketene acetals can also be prepared by the isomerization of divinyl acetals. For 

example, to a 1 liter vessel equipped with a magnetic stirrer, argon inlet and thermocouple, 400 
ml of ethylene diamine can be added. The vessel can be immersed in ice water and kept below 
4°C with a steady stream of argon being directed into the flask. A solution containing about 45 g 
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(0.7 moles) of w-butyllithium in hexane can be added to ethylene diamine via gas tight syringe in 
a syringe pump over one hour. A solution containing about 1 75 g (0.83 moles) of 3,9-divinyl- 
2,4,8, 104etraoxaspiro[5.5]undecane dissolved in about 170 ml of ethylene diamine can be 
cooled to about 4°C and added to the vessel. 3,9-divinyl-2,4,8,10-tetraoxaspiro[5.5]undecane is 
5 available from Aldrich Chemical Company, Inc. of Milwaukee, Wisconsin. After agitation at 
about 4°C for about four hours, the reaction mixture can be poured onto about 2 liters of ice 
water with vigorous stirring. 

The resulting solution can be extracted with two 500 ml portions of hexane. The hexane 
extracts can be combined, and further extracted with three 500 ml portions of water. After 
10 drying over anhydrous magnesium sulfate, and suction filtration, the filtrate can be evaporated to 
dryness yielding crude 3,9-diethylidene-2,4,8,10 tetraoxaspiro[5.5] undecane (DETOSU). 
DETOSU can be used for synthesizing polyorthoesters as described in Examples 2 and 4 below. 



Example 2 -- Synthesis of Polv(3,9-diethvlidene-2,4,8J0-tetraoxaspiro-|"5,51-undecane-co- 
15 cvclohexanedimethanol-co>K6-hexanedion (DETOSU-CHD-HD^ 

A 250 ml, three necked flask can be equipped with a magnetic stirrer, reflux condenser 
with rubber septum containing an argon inlet, argon outlet, and addition septum. The following 
reagents can be charged into this flask: 

(a) about 15 g (0.1042 moles) rrara'-cyclohexanedimethanol; 

20 (b) about 12.29 g (0.1042 moles) 1,6-hexanediol; and 

(c) about 50 g anhydrous tetrahydrofuran (THF). 



SanFrancisco/90569.1 



17 



50623267 

Using a cannula, a solution of about 44.18 g (0.2084 moles) of DETOSU, synthesized as 
explained in Example 1, in about 50 g of THF can be added to the flask by applying positive 
argon pressure. About ten drops of a solution of p-toluenesulfonic acid in THF (the 
concentration can be about 10 mg/ml) can be added and the mixture allowed to stir without 
5 heating for one hour. The solution can be slowly poured into 3 liters of methanol containing 
about 100 parts per million (ppm) of triethylamine, to yield the polyorthoester DETOSU-CHD- 
HD that can be isolated by filtration. 



Example 3 - Synthesis of 3,9-dipentylidene-2,4,8J0-tetraoxaspiror5.51heptadecane (DPTOSH) 

10 To a 1 liter vessel equipped with a magnetic stirrer, argon inlet and thermocouple, about 

400 ml of ethylene diamine can be added. The vessel can be immersed in ice water and kept 
below 4°C with a steady stream of argon into the flask. A solution containing about 45 g (0.7 
moles ) of H-butyllithium in hexane can be added to ethylene diamine via gas tight syringe in a 
syringe pump over one hour. A solution containing about 245.7 g (0.83 moles) of 3,9-di(l- 

15 pentene)-2,4,8,10-tetraoxaspiro[5.5]heptadecane dissolved in about 170 ml of ethylene diamine 
can be cooled to about 4°C and added to the vessel. After agitation at about 4°C for about four 
hours, the reaction mixture can be poured onto about 2 liters of ice water with vigorous stirring. 

The resulting solution can be extracted with two 500 ml portions of hexane. The hexane 
extracts can be combined, and further extracted with three 500 ml portions of water. After 
20 drying over anhydrous magnesium sulfate, and suction filtration, the filtrate can be evaporated to 
dryness yielding crude 3,9-diethylidene-2,4,8,10-tetraoxaspiro[5.5]undecane (DPTOSH). 
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DPTOSH can be used for synthesizing polyorthoesters. For example, DPTOSH can replace a 
part or all DETOSU to make polyorthoesters similar to those as described in Examples 2 and 4. 

Example 4 -- Synthesis of Polvfethvlene glvcol-co-3,9-diethvlidene-2,4,8J0-tetraoxaspiro-[5,51- 
5 undecane-co-propylene glycol) (PEG-DETOSU-PG) 

About 25 g (25 mmol) of PEG having molecular weight (M n ) of about 1,000 can be 
placed in a 1 -liter round bottom flask equipped with a mechanical stirrer. PEG can be treated to 
remove water by being heated to about 80°C using an oil bath, while being stirred under vacuum 
of about 25 mm Hg. About 400 g of tetrahydrofuran (THF) and about 27.83 g (131 mmol) of 

10 DETOSU can be added to the flask and dissolved with continued stirring. A solution of p- 

toluenesulfonic acid in THF having concentration of about 25 g/1 can be prepared and about 15 
drops of this solution can be added to the contents of the flask. The stirring can continue for 
about 1 hour while the contents of the flask are maintained at about 80°C. About 8.08 g (106 
mmol) of propylene glycol can then be added to the flask, and the stirring can be continued for 

1 5 about 1 more hour while the contents of the flask are kept at about 80°C. The reaction mixture 
then can be cooled and about 1 liter of hexane can be added. As a result, the polyorthoester 
PEG-DETOSU-PG, can be collected by filtration. The polymer can then be purified by 
dissolution in dry methanol and precipitation with hexane. The ratio between the soft and hard 
segments in the polymer is about 1:1 by mass. 

20 
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Example 5 -- Synthesis of Polv(3,9-diethvlidene-2,4,8J0-tetraoxaspiro-[5,5]-undecane'CO--L6- 

hexanediol) (DETOSU-HD) 

DETOSU synthesized as described in Example 1 can be dissolved in THF. The solution 
can contain 27.83 g (131 mmol) of DETOSU and about 400 g of THF. The DETOSU/THF 
5 solution can be combined in a flask with about 10 drops of the solution of /?-toluenesulfonic acid 
described in Example 1 and the mixture can be stirred for about 1 hour while the contents of the 
flask are maintained at about 80°C. An equimolar amount (about 131 mmol or 15.20 g) of 1,6- 
hexanediol (HD) can then be added to the flask, and the stirring can continue for about 1 more 
hour while the contents of the flask are kept at about 80°C. The reaction mixture then can be 
1 0 cooled and about 1 liter of hexane can be added. As a result, the polyorthoester DETOSU-HD, 
can be collected by filtration. 

Example 6 - Synthesis of Polyfethylene glvcol-co-3,9-diethylidene-2,4,8J0-tetraoxaspiro-r5,51- 
undecane-co-eyclohexanedimethanol) (PEG-DETOSU-CHD) 

About 25 g (83.3 mol) of PEG having molecular weight (M n ) of about 300 can be placed 
into a 1 liter round bottom flask equipped with a mechanical stirrer. PEG can be treated to 
remove water by being heated to about 80°C using an oil bath, while being stirred under vacuum 
of about 25 mm Hg. About 400 g of tetrahydrofuran (THF) and about 35.39 g (166.6 mmol) of 
DETOSU can be added to the flask and dissolved with continued stirring. A solution of p- 
toluenesulfonic acid in THF having concentration of about 25 g/1 can be prepared and about 15 
drops of this solution can be added to the contents of the flask. The stirring can continue for 
about 1 hour while the contents of the flask are maintained at about 80°C. About 9.82 g (83.3 
mmol) of cyclohexanedimethanol can then be added to the flask, and the stirring can be 
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continued for about 1 more hour while the contents of the flask are kept at about 80°C. The 
reaction mixture then can be cooled and about 1 liter of hexane can be added. As a result, the 
polyorthoester PEG-DETOSU-CHD, can be collected by filtration. The polymer can then be 
purified by dissolution in dry methanol and precipitation with hexane. The molar ratio between 
5 the units derived from PEG, DETOSU, and CHD is about 1:2:1. 

Example 7 

A first composition can be prepared by mixing the following components: 

(a) about 2.0 mass % the DETOSU-HD polyorthoester obtained as described in Example 

10 5; and 

(b) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The first composition can be applied onto the surface of a bare 12 mm VISION stent 
(available from Guidant Corp.) by spraying and dried to form a primer layer. An EFD spray 
head can be used, having a 0.014 inch round nozzle tip and a 0.028 inch round air cap with a 
15 feed pressure of about 0.2 atm (3 psi) and an atomization pressure of between about 1 atm and 
1 .3 atm (1 5 to 20 psi). The total amount of solids of the primer layer can be about 50 
micrograms (|ig). After spraying, the stent can be baked at about 60°C for about one hour. 
"Solids" means the amount of dry residue deposited on the stent after all volatile organic 
compounds (e.g. the solvent) have been removed. 

20 A second composition can be prepared by mixing the following components: 
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(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; 

(b) about 1 mass % EVEROLIMUS; and 

(c ) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The second composition can be applied onto the dried primer to form a reservoir layer, 
using the same spraying technique and equipment used for the primer layer. The solvent can be 
removed by baking at about 50°C for about one hour. The total amount of solids of the drug 
polymer layer can be about 200 jig. 

A third composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; and 

(b) the balance, a solvent blend of THF and xylene at a mass ratio of THF to xylene of 
about 3:1. 

The third composition can be applied onto the dried reservoir layer to form a topcoat 
layer. The solvent can be removed by baking at 50°C for one hour. The total amount of solids of 
the topcoat layer can be about 100 [ig. 

Example 8 

A first composition can be prepared by mixing the following components: 
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(a) about 2.0 mass % poly(ethylene-co-vinyl alcohol) having about 44 mole % units 
derived from ethylene; and 

(b) the balance, a blend of THF and dimethylacetamide (DMAC) at a mass ratio of THF 
to DMAC of about 1:2 

5 The first composition can be applied onto the surface of a bare 12 mm VISION stent by 

spraying as described in Example 7, and dried to form a primer layer. After spraying, the stent 
can be baked at about 130°C for about one hour. The total amount of solids of the primer layer 
can be about 50 jig. 

A second composition can be prepared by mixing the following components: 

1 0 (a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 

Example 2; 

(b) about 1 mass % SIROLIMUS; and 

(c ) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The second composition can be applied onto the dried primer to form a reservoir layer, 
1 5 using the same spraying technique and equipment used for the primer layer. Solvent can be 
removed by baking at about 50°C for about one hour. The total amount of solids of the drug 
polymer layer can be about 125 jxg. 

A third composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
20 Example 2; 
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(b) the balance, a solvent blend of THF and xylene at a mass ratio of THF to xylene of 
about 3:1. 

The third composition can be applied onto the dried reservoir layer to form a topcoat 
layer. The solvent can be removed by baking at 50°C for one hour. The total amount of solids of 
5 the topcoat layer can be about 100 jig. 



Example 9 

A first composition can be prepared by mixing the following components: 

(a) about 2.0 mass % DETOSU-HD polyorthoester obtained as described in Example 5; 

10 and 

(b) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The first composition can be applied onto the surface of a bare 12 mm VISION stent by 
spraying as described in Example 7, and dried to form a primer layer. After spraying, the stent 
can be baked at about 60°C for about one hour. The total amount of solids of the primer layer 
1 5 can be about 50 |ig. 

A second composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; 

(b) about 1 mass % EVEROLIMUS; and 

20 (c ) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 
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The second composition can be applied onto the dried primer to form a reservoir layer, 
using the same spraying technique and equipment used for the primer layer. The solvent can be 
removed by baking at about 50°C for about one hour. The total amount of solids of the drug 
polymer layer can be about 200 (ig. 

5 A third composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; 

(b) the balance, a solvent blend of THF and xylene at a mass ratio of THF to xylene of 
about 3:1. 

10 The third composition can be applied onto the dried reservoir layer to form a topcoat 

layer. Solvent can be removed by baking at 50°C for one hour. The total amount of solids of the 
topcoat layer can be about 100 ^g. 

A fourth composition can be prepared by mixing the following components: 

(a) about 2 mass % PEG-DETOSU-CHD polyorthoester obtained as described in 
15 Example 6; and 

(b) the balance, a solvent blend of chloroform and 1,1,2-tricholroethane (TCE) at a mass 
ratio of chloroform to TCE of about 1 :3. 

The fourth composition can be applied onto the dried topcoat layer to form a finishing 
coat layer. The solvent can be removed by baking at 50°C for one hour. The total amount of 
20 solids of the finishing coat layer can be about 150 |ig. 
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Example 10 

A first composition can be prepared by mixing the following components: 

(a) about 2.0 mass % poly (ethylene-co- vinyl alcohol) having about 44 mole % units 
derived from ethylene; and 

5 (b) the balance, a blend of THF and dimethylacetamide (DMAC) at a mass ratio of THF 

to DMAC of about 1:2 

The first composition can be applied onto the surface of a bare 12 mm VISION stent by 
spraying as described in Example 7, and dried to form a primer layer. After spraying, the stent 
can be baked at about 1 30°C for about one hour. The total amount of solids of the primer layer 
10 can be about 50 jig. 

A second composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; 

(b) about 0.2 mass % PACLITAXEL; and 

15 (c ) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The second composition can be applied onto the dried primer to form a reservoir layer, 
using the same spraying technique and equipment used for the primer layer. The solvent can be 
removed by baking at about 50°C for about one hour. The total amount of solids of the drug 
polymer layer can be about 125 \ig. 

20 A third composition can be prepared by mixing the following components: 
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(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; and 

(b) the balance, a solvent blend ofTHF and xylene at a mass ratio of THF to xylene of 
about 3:1. 

5 The third composition can be applied onto the dried reservoir layer to form a topcoat 

layer. The solvent can be removed by baking at 50°C for about one hour. The total amount of 
solids of the topcoat layer can be about 100 jag. 

A fourth composition can be prepared by mixing the following components: 

(a) about 2 mass % PEG-DETOSU-CHD polyorthoester obtained as described in 
10 Example 6; and 

(b) the balance, a solvent blend of chloroform and 1,1,2-trichloroethane (TCE) at a mass 
ratio of chloroform to TCE of about 1:3. 

The fourth composition can be applied onto the dried topcoat layer to form a finishing 
coat layer. The solvent can be removed by baking at 50°C for about one hour. The total amount 
1 5 of solids of the finishing coat layer can be about 1 50 jig. 



Example 1 1 

A first composition can be prepared by mixing the following components: 

(a) about 2.0 mass % DETOSU-HD polyorthoester obtained as described in Example 5; 

20 and 
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(b) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The first composition can be applied onto the surface of a bare 12 mm VISION stent by 
spraying as described in Example 7, and dried to form a primer layer. After spraying, the stent 
can be baked at about 60°C for about one hour. The total amount of solids of the primer layer 
can be about 50 jag. 

A second composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; 

(b) about 1 mass % EVEROLIMUS; and 

(c ) the balance, a blend of THF and xylene at a mass ratio of THF to xylene of about 3:1. 

The second composition can be applied onto the dried primer to form a reservoir layer, 
using the same spraying technique and equipment used for the primer layer. The solvent can be 
removed by baking at about 50°C for about one hour. The total amount of solids of the drug 
polymer layer can be about 200 |ig. 

A third composition can be prepared by mixing the following components: 

(a) about 2 mass % DETOSU-CHD-HD polyorthoester synthesized as described in 
Example 2; and 

(b) the balance, a solvent blend of THF and xylene at a mass ration of THF to xylene of 
about 3:1. 
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The third composition can be applied onto the dried reservoir layer to form a topcoat 
layer. The solvent can be removed by baking at 50°C for about one hour. The total amount of 
solids of the topcoat layer can be about 100 fig. 

A fourth composition can be prepared by mixing the following components: 

5 (a) about 2 mass % of poly(ethylene glycol-terephtalate-co-butylene terephthalate) 

having a mass ratio between units derived from ethylene glycol-terephthalate and units derived 
from 1,4-butanediol terephthalate of about 1 1 :9; and 

(b) the balance, a solvent blend of chloroform and 1,1,2-trichloroethane (TCE) at a mass 
ratio of chloroform to TCE of about 1 :4. 

10 The fourth composition can be applied onto the dried reservoir layer to form a finishing 

coat layer. The solvent can be removed by baking at 50°C for about one hour. The total amount 
of solids of the finishing coat layer can be about 150 jig. 

While particular embodiments of the present invention have been shown and described, it 
will be obvious to those skilled in the art that changes and modifications can be made without 
1 5 departing from this invention in its broader aspects. Therefore, the appended claims are to 

encompass within their scope all such changes and modifications as fall within the true spirit and 
scope of this invention. 
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